Abstract New Zealand is home to around 40 alien bird species, but about 80 more were introduced in the 19th century and failed to establish. As most of these introductions were deliberate and documented in detail by the acclimatisation societies responsible for them, New Zealand bird invasions are often used as a model system to unravel what determines the outcome of introduction events, especially the role of propagule pressure. However, the credibility of these data was challenged recently, as different authors have reported different numbers of liberated birds. This discrepancy has several causes. Using introductions of Eurasian skylark (Alauda arvensis) and Common starling (Sturnus vulgaris) as examples, we show that the most important issue is that not all liberated birds were imported from overseas, and so import records underestimate the total propagule pressure for particular regions. There is evidence for the import to New Zealand from overseas of 361 skylarks and 619 starlings, versus at least 1491 and 1678 individuals, respectively, being translocated to other regions within the country. The majority of liberated birds in some regions of New Zealand were translocations from other parts of the country where the species had already previously established. Nelson was the main source of translocated skylarks, while Otago was the main source of translocated starlings. Canterbury, Hawke's Bay and Wellington were the main recipient regions for these translocations. Our findings may have implications for analyses of propagule pressure, as well for studies of population genetics and spread of alien birds in New Zealand.
Introduction
Biological invasions by alien species are one of the major facets of anthropogenic environmental change, and pose threats to both biodiversity (Suarez and Tsutsui 2008; Kenis et al. 2009; Winter et al. 2009; Vilà et al. 2011; Ricciardi et al. 2013 ) and economic activities (Pimentel et al. 2005) . To help the search for feasible management or preventive strategies, it is important to understand what it is that makes a species a potential invader. One widely accepted factor that promotes the establishment of alien species is the size of the founding population, generally termed propagule pressure (Lockwood et al. 2005; Simberloff 2009; Cassey et al. 2018 ). Evidence for a positive effect of propagule pressure on establishment success comes from many taxa and locations (Cassey et al. 2018 ), but one of the best studied systems in this respect is bird introductions to New Zealand (Blackburn et al. 2011) . These introductions were deliberate and in large part organised by dedicated acclimatisation societies (Lever 1992) , which documented the process in some detail (McDowall 1994) . As a result, we have good quality data on the composition of bird shipments brought to New Zealand from overseas, in terms both of the species and the number of individuals imported (e.g. Drummond 1906; Thomson 1922; Long 1981) , as well as on the success of the subsequent introductions (Duncan 1997) . These data have underpinned several statistical analyses supporting the influence of propagule pressure on establishment success (e.g. Veltman et al. 1996; Green 1997; Duncan 1997; Sol and Lefebvre 2000; Cassey 2001; Duncan and Blackburn 2002; Duncan et al. 2006; Blackburn et al. 2011; Moulton et al. 2011 Moulton et al. , 2012 .
Although the acclimatisation society data on bird introductions to New Zealand are probably the best available for a non-experimental system, they are nevertheless not without problems. As has already been pointed out (Moulton et al. 2011) , studies differ greatly in the exact numbers of individuals of a given species they report as released, especially for Canterbury province (Thomson 1922; Veltman et al. 1996; Duncan 1997; Lever 2005) . This has led to the credibility of the acclimatisation society data being questioned, and along with it the propagule pressure effect (Moulton et al. 2011 (Moulton et al. , 2012 -although that effect is a general finding from tests from a range of experimental and historical data sources (Cassey et al. 2018) . Pipek et al. (2015a, b) identified two types of error that may be perpetuated in studies (Thomson 1922; Lamb 1964; Veltman et al. 1996; Lever 2005) dealing with the history of Acclimatisation in New Zealand, and that can lead to incorrect estimates of propagule pressure. First, some data on introductions may be missing. For example, Thomson (1922) missed a large shipment on the Tintern Abbey in 1875, which had around 800 birds on board. Missing data lead to propagule pressure being underestimated. Second, some data may be mistakes, when incorrect numbers have been included in estimates of propagule pressure. One type of mistake is when birds were imported but never actually liberated; for example, a large shipment of birds that arrived to New Zealand in 1880 on the Waimate, included in Lamb (1964) , was in fact sent on to Australia. Williams (1969) included information about 300 skylarks liberated in Canterbury province, which in fact concerned only 165 surviving birds. Mistakes can lead to over-or underestimation of propagule pressure, depending on the type of error concerned. Both types of error can be propagated between studies in a process of ''Chinese whispers''. For example, Williams ' (1969) claim that 108 yellowhammers were ordered from England in 1872 and 40 liberated in 1875 seems to have morphed into Lever's (2005) statement that 148 were freed in Canterbury. In reality, out of the 108 ordered, only 34 arrived, and the 40 from 1875 were actually South Canterbury's share of 180 yellowhammers arriving on the Tintern Abbey (Pipek et al. 2015b) .
One potentially important source of both of these types of error in acclimatisation society data concerns translocations, an issue that was identified by Star (2014) , and subsequently-and independently-by Pipek et al. (2015a) . We define translocations as referring to birds transferred between acclimatisation regions within New Zealand, to distinguish them from imported birds brought in from overseas. Studies of propagule pressure have typically focused on the latter group, as quantified by acclimatisation society records of birds purchased from overseas. However, translocated birds may have contributed substantially to propagule pressures for some species in some regions. For example, significant numbers of birds liberated by the Otago Acclimatisation Society (assumed by Moulton et al. 2014 to be introductions of individuals from overseas) were translocations of individuals from populations already established in New Zealand (Pipek et al. 2015a) . Likewise, the 165 skylarks erroneously recorded as 300 by Williams (1969) were birds translocated from a population already established in Nelson. This may be a problem if translocations have sometimes been included in propagule pressure figures, but other times not. Thus, Veltman et al. (1996) included in their estimates of propagule pressure birds released on Stewart Island which were in fact individuals relocated from Otago, and not imported from overseas (see also Pipek et al. 2015a, b) . However, the translocations identified by Moulton et al. (2014) to Otago were not included in Veltman et al.'s data. Recent experience leads us to suspect that translocations happened systematically and on a large scale between New Zealand acclimatisation regions (Pipek et al. 2015a, b) .
Given this background, here we use a case study of two bird species introduced by acclimatisation societies to New Zealand-Eurasian skylark (Alauda arvensis) and Common starling (Sturnus vulgaris)-to explore the extent to which translocations may have contributed to propagule pressure. We mined historical archives to obtain answers to three questions: (1) How many individuals were imported from overseas to the New Zealand regions of interest? (2) Which of these regions then became donors and which acceptors of translocated birds? (3) What proportion of birds liberated within accepting regions was of New Zealand origin? We focus on introductions of skylarks and starlings because preliminary research (Pipek et al. 2015a, b) showed that these two species were the most frequently translocated passerines in New Zealand. Exploring the origin of released birds is important not only to ensure correct estimates of propagule pressure, but also to improve the robustness of genetic studies on alien populations, and to help trace the spread of specific invasions.
Methods
We followed the methods previously described in Pipek et al. (2015a) and browsed all articles available in Paperspast newspaper archive (https://paperspast. natlib.govt.nz/newspapers) that contained the name of the species of concern (starlings, skylarks) between 1860s and 1870s. We located such articles using ''skylark'', ''sky*lark'', ''lark'' and ''starling'', in singular and plural form, as search terms. Along with the data from newspapers, we extracted information from annual reports, cashbooks, letterbooks and minute books of individual acclimatisation societies. Relevant articles are referenced directly in the text with the appropriate link, as the authors are mostly anonymous.
The documents of the societies are referenced in a standard way.
Subsequent to the submission of our original manuscript, we were made aware of a paper that used a similar approach to search the newspaper archive for information on skylark introductions and translocations (Star 2014 ). Star's data are broadly similar to ours, but not as comprehensive, as he did not search acclimatisation society documents, and in addition did not search for ''lark'' or ''larks''. Our use of these latter search terms introduces the possibility that we may include woodlarks (Lullula arborea) in our data, as these were also shipped to New Zealand. However, woodlarks were specifically named in only four, largely unsuccessful shipments, and we are aware of only three surviving individuals (on the Wild Duck to Auckland in 1872). For the sake of clarity, shipments which included birds identified just as ''larks'' are marked in Table 1 . In the case of translocations, there is no doubt that all ''larks'' are skylarks, as woodlarks never established a viable population that could serve as a source for translocations. Duncan (1997) separated propagule pressure to New Zealand among four acclimatisation districts: Auckland, Wellington, Canterbury and Otago. However, there were more acclimatisation societies active at the time, some of which were organising shipments of birds from overseas. These were ignored by Duncan (1997) because the data were incomplete or missing altogether. Here, we add data from Hawke's Bay, Wanganui, Taranaki, Nelson, West Coast, Marlborough and Southland districts, which were either actively introducing alien species (Wanganui, Nelson, Hawke's Bay, Southland, Taranaki), or were clearly separate administrative units for the purposes of acclimatisation (Marlborough, West Coast), and Stewart Island, which is separated from the ''mainland''. We are aware of some problems associated with the additional societies. For example, records for the Hawke's Bay and Nelson societies were lost, meaning that here we have to rely only on the information from newspapers, whereas for other very active regions (Auckland, Canterbury, Otago, Wellington), we can cross-check information in newspapers with Acclimatisation Society records. We included data from further smaller acclimatisation societies (e.g. Hawera, Wairarapa, South Canterbury) within the larger districts. We use the data obtained from the various sources to quantify the numbers of skylarks and starlings imported from overseas to the principal Acclimatisation Society regions, and the numbers of birds of these two species translocated between these regions. From the 1870s, Auckland and Otago Acclimatisation Societies were also redistributing starlings (the latter also skylarks) to their remoter districts to help their spread (e.g. Auckland Acclimatisation Society 1870, 1871, 1872, 1873; Otago Acclimatisation Society 1875, 1878). We ignored these redistributions, however, as they do not result in incorrect estimates of the number of individuals introduced to a region.
Results
Shipments of skylarks and starlings into New Zealand from overseas for which there is a written record are listed in Table 1 . Known translocations of birds from one region to another within New Zealand are listed in Table 2 for skylarks and in Table 3 for starlings. The total number of birds shipped in from overseas (361 for skylarks, 619 for starlings) is lower than reported by Thomson (1922) , Veltman et al. (1996) or Lever (2005) for both species (Table 4) , even though our data are based on more shipments. The higher totals of 391 skylarks and 653 starlings in Thomson (1922) and Veltman et al. (1996) are primarily due to the inclusion of data on translocations of birds within New Zealand, to Wellington and Stewart Island, by Thomson (1922) and subsequently duplicated by Veltman et al. (1996) . Lever (2005) also incorporated a further 300 skylarks in his total for this species although this number is incorrect, as noted in Table 4 .
Eurasian skylarks
The main source of translocated skylarks was the Nelson region of South Island, although this was not the region where most skylarks were imported (Table 1) . Skylarks arrived in Nelson from overseas in at least five separate shipments, four of which (the Napier in 1863, Violet in 1864, Magna Bona in 1865, and Gertrude in 1868) were direct from London, and the fifth (Prince Alfred in 1864) from Australia. In total, 42 skylarks were imported from England, and this number was apparently sufficient to establish a viable population in Nelson. Thomson (1922) reports The species columns list the numbers of birds on each ship that reached the final destination and the numbers originally loaded in the shipments (in parentheses). Shipments which refer to ''larks'' and not specifically to ''skylarks'' are in italics a Whenever possible we merged the shipments from period between two successive annual reports to make the comparison with data from annual reports more convenient Fig. 1A) , and 12 from Canterbury and 37 from Otago to Southland. The principal recipient of Nelson's skylarks was Canterbury, where more than 634 birds were sent-an order of magnitude more than were imported to Canterbury from England or Australia (Tables 1, 4 ). These translocations are the major cause of discrepancy in propagule pressure estimates between Thomson (1922) and other authors (Duncan 1997; Lever 2005) . In Otago, the numbers of imported and translocated skylarks were similar, at 153 and 205 birds, respectively (Tables 1, 4).
Common starlings
Starlings were imported from England in much larger numbers than skylarks (Tables 1, 4). Most starlings that were translocated within New Zealand came from one population in Otago, which successfully established from imported birds (Table 3, Fig. 1B) . However, they were also successfully introduced from overseas to Auckland, and subsequently distributed to other regions within the greater Auckland area, and to other regions on the North Island. Starlings also established a population in Canterbury from overseas stock, although they were not further exported from there. Thomson (1922) reports that a viable population was also established in Wellington.
Starlings were imported to Auckland in at least nine shipments (the Lord Ashley, Cashmere in 1862, Aloe 1863, Kaikoura 1867, Water Nymph in 1867, Novelty, Empress and Mataura in 1868, and Maori in 1869), where at least 118 were imported in total (Table 1) . From 1869 starlings were being caught and distributed to further districts (Auckland Acclimatisation Society 1870) and from 1871 also to other regions (Auckland Acclimatisation Society 1872), although probably to a lesser extent ( (Table 3) .
Discussion
Ecological theory tells us that founding population size is a critical factor for the persistence of biological populations. It matters for native species colonising areas naturally, in conservation reintroductions (IUCN/SSC 2013), and for alien species moved by human agency. The importance of propagule pressure as a determinant of alien establishment success is not in doubt (Cassey et al. 2018) . However, it is important for our understanding of the invasion process, and when designing management or preventive strategies, to understand exactly how variation in propagule pressure translates into establishment success or failure (Lockwood et al. 2005) . This requires our data on introductions to be as accurate as possible. Given that New Zealand acclimatisation society records are considered to be the gold standard in respect of historical introduction data, the potential presence of errors in them clearly requires investigation. Our analysis shows that there is the potential for such errors because of the different origins of introduced individuals.
We have demonstrated that translocations of alien birds within New Zealand were happening on a much larger scale than previously suspected by the biological community, although a paper by Star (2014) published in the historical literature, independently reached the same conclusion. Our more comprehensive search of the available historical literature sources, including acclimatisation society documents, revealed evidence for the import to New Zealand from overseas of 361 skylarks (out of which 22 were referred to just as ''larks'') and 619 starlings (Table 1) , versus at least 1491 (Table 2 ) and 1678 (Table 3) individuals, respectively, being translocated to new acclimatisation regions from other parts of New Zealand. Thus, translocations outnumber imports by roughly three or four to one, at least for the two species analysed here. Although we cannot be sure what proportion of imported and translocated birds were actually liberated into the environment in a given region, it is highly likely that most liberated birds derive from translocations. Nelson was the main source of translocated skylarks (Table 2) , while Otago was the main source of translocated starlings (Table 3) . Canterbury, Hawke's Bay and Wellington were the main recipient regions for these translocations (Table 4) . For some regions, the majority of birds released were of New Zealand origin. Our work dismisses the notion that starlings became numerous in Hawke's Bay from only four founders (Thomson 1922; Lever 2005) . Not only were they actually imported in larger numbers (Table 1) , many starlings were also translocated on a large scale from Otago to Hawke's Bay: as many as several hundred birds went there (Table 3) .
The population of skylarks in Nelson was established from 42 birds imported in the period 1863-1868 (although only one bird was imported after 1865; Table 1 ), and evidently flourished there. Indeed, in 1867 they were already declared as perfectly acclimatised (Nelson Examiner and New Zealand Chronicle 4 May 1867), in the 1870s they were already so numerous that they built nests within the town (West Coast Times 9 Dec 1870), and it was said that Nelson could ''stock all New Zealand without missing the birds taken away'' (Nelson Examiner and New Zealand Chronicle 17 May 1873). In fact, the skylarks started to be considered a nuisance in agricultural fields by some (Otago Daily Times 30 Nov 1870; Colonist 18 Apr 1873). In less ''fortunate'' regions of New Zealand, though, skylarks were scarce, if present at all, and their arrival still desired (Canterbury 
Wellington 108 The references leading to this number got lost, unfortunately, and therefore cannot be checked (Duncan 2018, pers. comm.) . The relocations of skylarks from Nelson to Canterbury are however likely included too f Evidently, Lever merged data from Thomson (1922) There is no reference and the author does not remember where this information came from (Lever 2017, pers. comm.) . Private efforts on such a large scale would probably be reflected in newspapers, but they are not. That said, the Wellington Acclimatisation Society claims in its report from 1886 that plenty were introduced by private enterprise Although the Canterbury Acclimatisation Society had already been importing skylarks from Nelson, and it seemed unreasonable to risk expensive import from London (Lyttelton Times 15 Jun 1871), skylarks were nevertheless brought from England in the 1870s: five arrived on the Charlotte Gladstone in 1872 (Star 7 Feb 1872) and about twenty on the same ship the following year (Star 3 Mar 1873) (Table 1) .
To the best of our knowledge, translocations have either been overlooked in previous tallies of introduced birds, or if included, misclassified as direct imports (Thomson 1922; Williams 1969; Lever 2005; Santos 2012; Moulton et al. 2014 ). An important question is how recognition of these translocations affects our understanding of the effect of propagule pressure on alien bird establishment success in New Zealand. There are at least two issues here-the effect of translocations on propagule pressure, and the effect of translocations on propagule quality.
With respect to propagule pressure, for translocations to happen some alien populations must have established from birds imported from overseas. For starlings, for example, the import and introduction of 118 birds to the Auckland acclimatisation region between 1862 and 1869 was sufficient to found a persistent population (Table 1) , and one robust enough to contribute birds to other regions. The records show that Auckland received no translocated starlings, but was the source for birds translocated to Hawke's Bay, Taranaki and Wanganui (Table 3) . Here, there is no doubt that the maximum propagule pressure needed to found a population of starlings in the Auckland region was 118 birds, and that all these birds were directly imported from overseas. In contrast, 53 starlings were imported to Hawke's Bay in 1873 and 1876 (Table 1) . This number was supplemented by 439 birds from Otago between 1877 and 1881, and further six from Canterbury in 1885, with an unknown additional number coming from Auckland in 1871 and 1876, thus bracketing the 1873-1876 introduction dates for imported birds (Table 3) . While the population could have been Tables 1 and 2 for more details founded from just the 53 birds imported, it is more likely that the over 445 translocated birds would also have contributed. While Thomson's (1922) estimates of propagule pressure for skylark and starling are relatively close to the true numbers imported in total from overseas, and even within some regions, these propagules were added to by around three times as many birds translocated between acclimatisation districts within New Zealand (Table 4) . While not all districts received translocated individuals, previous estimates of propagule pressure for some districts are therefore likely to have been underestimated, often significantly so. With respect to propagule quality, the question is whether translocated and imported birds are equivalent. It seems most likely that they are not. The great majority of imported birds would have had to endure a trans-equatorial sea voyage lasting several weeks, where mortality rates were often high (Pipek, Blackburn, Cassey, Delean, Ş ekercioglu & Pyšek, unpublished ms.) , although mortality could be high even in short-distance translocations: 45% of skylarks transported from Nelson to South Canterbury in 1875 died on the way (Timaru Herald 12 Nov 1875). As a result, translocation seems likely to supply propagules in better condition for founding new populations within New Zealand. The proximity of source and destination locations also means that larger numbers of birds can more easily be moved (cf. the last two columns in Table 4 ). This suggests the hypotheses that alien populations would be more likely to establish from a given number of translocated birds than from the same number of imported birds, for reasons of quality, and that propagule pressures would be on average higher for translocated birds. Our data support the second of these two hypotheses for skylarks and starlings, but for that reason make the first hypothesis untestable. Nevertheless, both sources of birds (importation and translocation) add to the size of founding populations, and so increase the likelihood of establishment. There is a strong case for revisiting analyses of the effect of propagule pressure on establishment success in New Zealand birds in the light of this.
Although we have primarily considered the issue of translocation of alien birds within New Zealand in terms of its potential effect on the relationship between propagule pressure and establishment success, it is also of relevance to other questions concerning these invasions. For example, Briskie and Mackintosh (2004) used propagule pressure data to assess the effect of population bottlenecks on egg failure rates in alien passerines in New Zealand. Their measure of bottleneck size was propagule pressure, from data in Long (1981) and Thomson (1922) . Clearly, those numbers may be affected by confusion between imported and translocated birds. Studies on topics such as changes in genetic variability after establishment (Merilä et al. 1996) , the development of geographic structure in alien ranges (Ross 1983) , or patterns of spread following introduction (Duncan et al. 1999) , will all also be affected by a failure to recognise translocations, or a failure to distinguish translocations from imports. Revisiting these hypotheses in the future with our revised and better understanding on the naturalisation process represents a clear opportunity for future research. While translocation clearly may affect the conclusions of previous studies of the invasion process from New Zealand, the quality of information available from there, through acclimatisation society records and digitised newspaper archives, means that data from this country are likely once again to be the gold standard for studies of this feature of the invasion process.
